The current study examined predictors of concurrent phonological awareness in 95 Grade 1 children and of reading achievement 5 months later. Of primary interest was whether the repetition of nonwords with less versus more common sound patterns was a better predictor of these variables. Only the repetition of nonwords low in wordlikeness predicted unique variance in concurrent phonological awareness after measures of phonological memory and vocabulary. Similarly, nonword repetition for words low in wordlikeness accounted for unique variance in later reading after measures of fall reading, phonological memory, vocabulary, and phonological awareness. A fall phonological representations factor was directly related to later reading achievement. Results are discussed within a framework for which the representation of less common sound sequences has a robust relationship to reading acquisition, and for which awareness of the phonemic structure of language may be reducible to the representation of phonological information in lexical memory.
Introduction
One focus of reading-related research has been on the role of phonological representations in the emergence of young children's phonological awareness (e.g., Fowler, 1991; Metsala, 1999; Rvachew, 2006; Swan & Goswami, 1997 ) and reading acquisition (e.g., McBride-Chang, Wagner & Chang, 1997; Wessling & Reitsma, 2001) , and in relation to the phonological core deficit in reading disabilities (e.g., Boada & Pennington, 2006; Elbro, 1996; Elbro & Jensen, 2005) . The present study examined the relationship between measures indexing phonological representations, phonological awareness and reading in Grade 1 children. The term "phonological representation" is used here to refer to the word-level phonological form or information stored in lexical memory. In prevalent models of adult spoken word recognition, lexical representations are made up of sequences of constituent phonemes and the mental lexicon is organized in terms of phonemic-similarity neighborhoods (e.g., Luce & Pisoni, 1998) . These similarity neighborhoods are frequently defined as the number of words that differ from the target word by a one phoneme substitution, addition or deletion (e.g., Vitevitch & Luce, 1998) . Phonological awareness is the ability to explicitly access and/or manipulate the phonological units in spoken words, such as onsets, rimes, and phonemes.
Associations of Phonological Representations and Vocabulary with Phonological Awareness and Reading
In general, studies have supported associations between tasks used to index phonological representations and concurrent or subsequent phonological awareness and/or word reading in studies of pre-school children (e.g., Claessen, Heath, Fletcher, Hogben, & Leitão 2008) , normally achieving school-age children (e.g., Metsala, Stavrinos, & Walley, 2009 ), children with reading disabilities or language impairments (e.g., Elbro & Jensen, 2005; Rvachew, 2006) , children "at risk" for reading disabilities (e.g., Elbro, Borstrom & Peterson, 1998) , and second language learners (e.g., Chiappe, Glaeser, & Ferko, 2007) . For example, 11-13 year-old children with dyslexia performed more poorly than age and reading-level comparison groups on a composite variable tapping implicit phonological representations and this implicit factor accounted for 63% of the overlapping variance between phonological awareness and reading (Boada & Pennington, 2006) . Sénéchal, Oulette, & Young (2004) reported that articulation and speech perception for a specific phoneme each predicted unique variance in later phonological awareness for that same phoneme for typically developing preschoolers (see also Thomas & Sénéchal, 2004) . Individual differences in the specificity of lexical representations predicted growth in phonological awareness in young children at-risk for dyslexia (Elbro et al., 1998) and training aimed at improving phonological representations resulted in increased phonological awareness for the same lexical items (Elbro & Jensen, 2005) .
Individual and group differences on such tasks have been variously explained in terms of the amount of stored phonetic detail or the robustness and differentiation of the individual phonemes that make up lexical items (e.g., Edwards, Beckham, & Munson, 2004; Elbro et al., 1998; Metsala, 1999; Swan & Goswami, 1997 ). Studies have reported either a direct relationship between measures of representational quality and word reading (e.g., Chiappe et al, 2007; Metsala, 1997b) or have found this relationship to be fully mediated by phonological awareness (e.g., Bruno et al., 2007; McBride-Chang et al., 1997; Metsala et al., 2009) . One goal of this study was to examine whether a fall measure of phonological representations accounted for direct variance in later word-level reading achievement.
The association of vocabulary to phonological awareness also bears on the issue of the role of lexical representations in reading acquisition and was examined in the current study. Studies have generally found that vocabulary knowledge (measured by receptive or expressive tasks) contributes unique variance to concurrent and/or subsequent phonological awareness (e.g., Carroll & Snowling, 2001; Cooper, Roth, Speece, Schatschneider, 2002; Foy & Mann, 2001; 2003; Lonigan, Burgess, & Anthony, 2000; Metsala, 1999; Sénéchal & LeFevre, 2002; Silvén, Niemi & Voeten, 2002; cf. Carroll, Snowling, Stevenson, & Hulme, 2003; Roberts, 2005) . One Finnish study found that vocabulary measures at 3.5 years were strongly associated with later phonological awareness and that effects of the Home Learning Environment on later phonological awareness were indirect through their relationship with vocabulary (Torppa et al., 2007; see also, Chaney, 1994; Cooper et. al. 2002; Sénéchal & LeFevre, 2002) . McDowell, Lonigan and Goldstein (2007) found that for a sample of 700, 2-to 5-year-olds, measures of speech sound accuracy (word and nonword repetition) and vocabulary contributed unique variance to growth in phonological awareness, similar to findings for children with speech sound disorders (Rvachew, 2006; Rvachew & Grawburg, 2006) . More direct support for a causal link between vocabulary growth and phonological awareness comes from Lonigan's (2007) report that a group of preschoolers receiving a vocabulary-based intervention improved on phonological awareness tasks compared to a control group.
One proposal has been that lexical-level phonemic organization emerges as a result of vocabulary growth (e.g., Bonte and Blomert, 2004; Jusczyk, 1993; Munson, Edwards, & Beckman, 2005; Storkel, 2002; Walley, 1993 ; but see for example, Swingly & Aslin, 2002) . In turn, this reorganization with vocabulary growth is proposed to lead to the availability of the phonemic units in spoken language required for awareness tasks (e.g., Fowler, 1991; Metsala & Walley, 1998; Walley 1993 ; see also Metsala et al., 2009; Smith, McGregor & Demille, 2006; Schwarz, Burnhan, & Bowey, 2006;  for review see Metsala, 2011 ). In the current study, vocabulary was examined as a contributor to phonological awareness and reading acquisition within this framework for which it is intimately linked to the development of phonological representations.
Nonword Repetition and Reading Ability
Nonword repetition deficits have been found for children with reading disabilities (e.g., Brady, Shankweiler & Mann, 1983; Catts, Adlof, Hogan, & Weismer, 2005; De Bree, Rispens, & Gerrits, 2007; Roodenrys & Stokes, 2001; Snowling, 1981) and for pre-school children at risk for reading disabilities (e.g., Carroll & Snowling, 2004; De Bree et al., 2007 ; but see Gijsel, Bosman, & Verhoeven, 2006) . DeBree and colleagues (2007) suggested that nonword repetition difficulties may be a "marker and a precursor of literacy problems" (p.940) based on findings that pre-school children at-risk for dyslexia and a group of children with dyslexia performed more poorly than comparison groups on nonword repetition tasks and that 56% of the at-risk group scored more than 1 SD below the mean of the comparison group (see also Smith, Pennington, Boada, & Shilberg, 2005) .
Studies of reading related abilities have established that phonological memory, phonological awareness, and serial naming are related, latent phonological processes that are stable over the early elementary school years (Torgesen & Burgess, 1998; Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993; Wagner, Torgesen, & Rashotte, 1994) . Although nonword repetition was not used in these particular studies, it has sometimes been included as one indicator of phonological memory and variance associated with word decoding ability largely overlaps with other phonological processes (e.g., Anthony, Williams, McDonald, & Francis 2007; Barbosa, Miranda, Santos, & Bueno, 2009; De Jong & van der Leij, 1999) . For example, De Jong & van der Leij (1999) found that kindergarten nonword repetition was moderately correlated with grade 1 and 2 word and pseudoword reading, but the phonological memory factor did not predict unique variance in later reading ability; however, the stability of the verbal working memory factor was complicated because "the nonword repetition test was not a pure indicator of this factor" (p.461).
Alternatively, researchers have considered nonword repetition as an indicator of the quality of phonological representations (e.g., Carroll & Snowling, 2004; Foy & Mann, 2001; Wesseling & Reitsma, 2001; see also, Coady & Evans, 2008) . Several findings support the connection between lexical representation and nonword repetition that underlie this approach: children repeat wordlike nonwords more accurately than less wordlike nonwords (e.g., Gathercole, 1995; Gathercole, Willis, Emslie, & Baddeley, 1991) ; children repeat nonwords with a lexical unit better than those without a lexical unit (Dollaghan, Biber, & Campbell, 1993 and for longer nonwords, repeat constituent word-syllables better than nonword-syllables (Metsala & Chisholm, 2010 ); children's repetition accuracy is better for nonwords containing sequences higher versus lower in phonotactic probability (e.g., Edwards et al., 2004; Munson et al., 2005a) and for longer nonwords, better for constituent syllables from dense versus sparse lexical neighborhoods (Metsala & Chisholm, 2010) . In a recent review of research, Coady and Evans (2008) suggested that, "Because repetition accuracy depends on lexical and sublexical properties, the NRT [nonword repetition task] can be used to examine the structural properties of the lexicon in both children with NL [normal language] and with SLI [specific language impairments]" (p.1.). Nonword repetition was used in the current study as a measure of phonological representations. One question addressed whether within a sample of normally achieving children, groups differing on nonword repetition in the fall would show poorer reading after 5 months of critical first-grade reading instruction.
Nonword Repetition and Vocabulary
One account of the robust relationship reported in the literature between nonword repetition and vocabulary is that with increasing vocabulary knowledge segments and sequences of segments in lexical representations become more autonomous, robust, or familiar (e.g., Munson et al., 2005a ) allowing these to be better arranged and/or "chunked" in the construction and maintenance of the nonword representation (e.g., Bowey, 2001; Edwards et al., 2004; Jones, Gobet & Pine, 2007; Metsala, 1999; Metsala & Chisholm, 2008; Munson et al., 2005a; Munson, Kurtz & Windsor, 2005 ; see also Snowling, Chiat, & Hulme, 1991) . Jones et al. (2007) simulated commonly observed effects on children's nonword repetition without invoking individual differences in phonological memory capacity. Rather differences in phonological knowledge associated with vocabulary accounted for variability in nonword repetition performance across age, wordlikeness, and nonword lengths. This is consistent with findings that increases in ESL children's nonword repetition and in young children's memory span result as a function of increasing language abilities even as phonological memory capacity remains invariant (French & O'Brien 2008; Ottem, Lian & Karlson, 2007) . Indeed, Munson (2006) has suggested that one point researchers agree upon is that nonword repetition and vocabulary learning are related due to their reliance on phonological representations. It is within this framework that the shared variance between nonword repetition and vocabulary was used as an index of phonological representations. The current study examined whether defined in this manner, each of fall phonological representations and phonological awareness contributed unique variance to later reading achievement in Grade 1 children.
Uncommon Sound Patterns and a Robust Relationship to Reading Acquisition
One proposal has been that the salience of phonemes in lexical representations may increase as areas of the mental lexicon become more crowded (e.g., Storkel, 2002; Walley, 1993) . Empirical support for this proposal includes findings that young children's similarity judgments are more consistently based on phoneme-similarity for words from dense versus sparse neighborhoods (Storkel, 2002) and phonological awareness has been found to be better for words from dense versus sparse lexical neighborhoods (e.g., DeCara & Goswami, 2003; Metsala, 1999) . Similarly, for measures of spoken word recognition, developmental differences are least pronounced for words from dense neighborhoods (e.g., Garlock, Walley & Metsala, 2001; Metsala, 1997a) . In relation to nonword repetition more specifically, children's accuracy increases for multisyllabic words with high versus low frequency two-phoneme segments (e.g., Edwards et al., 2004; Munson et al, 2005a; 2005b) and for constituent syllables from dense versus sparse neighborhoods (Metsala & Chisholm, 2010) . In both of these studies, the magnitude of the high frequency/density advantage diminished for children with greater vocabulary knowledge (see also Masterson, Laxon, Carnegie, Wright, & Horslen, 2005) .
Phonemic representation and/or organization for less dense areas of the mental lexicon appears to undergo prolonged development and thus processing of less common sound sequences may provide a more sensitive measure of individual differences in lexical representations. In turn, processing of these sequences may be more strongly related to phonological awareness and reading acquisition. Previous research measuring spoken recognition for words from sparse neighborhoods supports this proposal. Metsala et al. (2009; see also Garlock et al., 2001) found that spoken word recognition for words from sparse neighborhoods predicted later phonological awareness and that children poorer on speech recognition tasks for these words in Year 1 had poorer word reading in Year 2. An earlier study had found that a spoken word recognition deficit in children with reading disabilities was limited to words from sparse neighborhoods and recognition of these words was predictive of reading ability in a group of 7-year-olds (Metsala, 1997b) . The current study examined whether the proposal of a special relationship between processing less common sound patterns and reading acquisition can be generalized to a nonword repetition task.
In the current study, wordlikeness was used as an index of neighborhood density or the frequency of sound patterns of the nonwords, as wordlikeness ratings are related to the number of real words that share similar sound-patterns in the listener's lexicon (e.g., Bailey & Hahn, 2001; Masterson et al., 2005) . It was hypothesized that repetition ability for less versus more wordlike nonwords would be a better predictor of concurrent phonological awareness and later Grade 1 reading achievement. One previous study found that 4-year-olds' repetition for nonwords rated low in wordlikeness was related to emergent word-reading skills at 5-years (but not for nonwords rated high in wordlikeness) but there was no relationship between concurrent nonword repetition and reading at 5-years of age. Limitations of this previous study that were overcome in the current study were that the 5-year-olds had minimal reading skills and phonological awareness was not examined. To strengthen the argument that nonword repetition indexed variance due to phonological representations, a measure of phonological short-term memory was entered as one of the initial steps in the regression equations or as a covariate in group comparisons. The current study also sought to examine whether a theoretically motivated measure of fall phonological representations and phonological awareness each contributed unique variance to reading achievement five months later, as previous research has been equivocal concerning the inter-relationship between these variables.
Method

Participants
Of the 100 Grade 1 students who completed testing in the fall, 95 were available to complete word and pseudoword reading tests five months later and were included in the study; 45 participants were female. Participants ranged in age from 70 to 84 months in the fall of Grade 1 (mid-to-late October) at the initial time of testing (M= 76.15 months; SD = 3.37). All children were fluent speakers of English and parental reports indicated no history of speech or hearing problems.
Time 1 Tasks
2.2.1 Nonword Repetition. The children were instructed to repeat the nonword exactly as it was pronounced by the voice on the tape recorder and presented via closed-headphones. There were a total of 36 nonwords, consisting of nine nonwords each of 1, 2, 3, and 4 syllable lengths (Gathercole, Willis, Emslie, & Baddeley, 1991) . There were several practice items with feedback. Repetitions were transcribed by a graduate student with training in phonology, using broad phonetic transcription; changes in stress or syllabification were not recorded. Productions with substituted, added, or deleted phonemes were scored as incorrect. Following Dollaghan et al. (1995) , vowel modifications typical of everyday speech (e.g., reducing an unstressed, lax vowel to schwa) were scored correct.
Of the 36 nonwords, 11 could be categorized as high on wordlikeness ratings (NWR-high) and 13 as low on wordlikeness ratings (NWR-low), as categorized by Gathercole (1995) . These 24 nonwords were 2, 3, and 4 syllables in length. To calculate the scores for each of NWR-high and NWR-low, the proportion correct for each participant at each syllable length was determined and added across the 2, 3, and 4 syllable lengths (a perfect score for either nwr-low or nwr-high would therefore be 3). (Yopp, 1988) . The three practice items were given with corrective feedback before the child completed the 22 test items. A liberal scoring criterion was applied such that if the child repeated a consonant sound with a co-articulated, unstressed vowel, the response was scored as correct.
2.2.4 Nonword segmentation. This task was analogous to the Yopp-Singer Test in its presentation and scoring criteria and was presented following that task. Children were required to say the individual sounds for three syllable nonwords. There were three practice items with corrective feedback and 10 test items.
2.2.5 Short-term memory for digits. This task was analogous to the digit span forwards task from the Wechsler Intelligence Scales for Children in its presentation, discontinue rule, and calculation of raw scores (e.g., Wechsler; 1974) . Children listened to and repeated sequences of digits, beginning with a 2-digit sequence, and for which there were two trials for each digit length. The test was discontinued when a child missed the two trials for the same digit length. The total number of trials correct comprised the digit span score.
2.2.6 Word and pseudoword reading. The Reading subtest of the Wide Range Achievement Test -Revised (WRAT-R; Jastak & Wilkinson, 1984) was used. This test required children to recognize letters and read individual words. The Word Attack subtest of the Woodcock Reading Mastery Tests-Revised (WRMT-R; Woodcock, 1987) was administered to examine children's ability to read pseudowords.
Procedure
All children were tested individually in a quiet room in their school. Children completed Time 1 tasks in the fall of Grade 1 (mid-to-late October). Time 2 testing occurred five months later in the early spring of Grade 1 (mid-to-late March). Practice items with corrective feedback were presented at the start of the experimental tasks.
Results
As outlined in the introduction, nonword repetition has sometimes been conceptualized and employed as a measure of phonological short-term memory. In order to strengthen the argument that variance accounted for by nonword repetition (NWR) in the dependent variables examined was attributable to phonological representations, a measure of phonological short-term memory was entered as one step in all hierarchical regressions or as a co-variate in the ANCOVAs. A phonological awareness composite score (PA) was used in the analyses and was derived from a principal components analysis with scores from the Yopp-Singer and the nonword segmentation task (Note 1). Table 1 contains the means and standard errors for each measure and Table 2 shows the correlations amongst the variables entered into subsequent regression analyses (Note 2). Given the limited age range, it was not surprising that age did not correlate significantly with any measures (see Table 2 ) and thus age was not included in any of the following analyses.
2.4.1 Contributions to concurrent phonological awareness. Analyses examining contributions to phonological awareness addressed whether each of vocabulary and NWR would predict unique variance in phonological awareness alongside a measure of phonological short-term memory and whether repetition for less wordlike nonwords would be a better predictor than repetition of more wordlike nonwords. As can be seen in Regression 1 in Table 3 , each of phonological short-term memory, vocabulary, and NWR predicted unique variance in phonological awareness. The next two hierarchical regressions in Table 3 showed that when NWR was entered based on type of nonword, only repetition for words low in wordlikeness contributed significant variance beyond the other two variables (p =.037 for NWR-low and p = .094 for NWR-high). In summary, the repetition of nonwords low in wordlikeness predicted reliable variance in PA, whereas the repetition of nonwords rated high in wordlikeness did not.
2.4.2 Nonword repetition and later word reading. Previous research has reported that NWR discriminates between children with, or at risk for, reading disabilities and normally achieving peers (e.g., DeBree et al., 2007) . The current study sought evidence of the strength of group differences in NWR performance on later word and nonword reading within a normally achieving sample. In order to provide a stringent test of whether group differences on NWR in the fall were related to group differences in reading ability 5 months later, two one-way ANCOVAs were performed. In order to create groups relatively lower and higher in NWR ability, a median split technique was used. This resulted in two groups with 46 and 49 participants, and the groups did not differ on age measured in months (p =.37; M age = 75.83, SE = .497 and M age = 76.45, SE = .482, for the lower and higher NWR-ability groups respectively). Unless otherwise noted, only those effects that were significant at or beyond the alpha <.05 level are reported. The first ANCOVA examined Time 2 (T2) word-reading raw-scores with each of Time 1 (T1) word-reading raw-scores, digit span, and PA scores as covariates. There was a significant effect of the T1 word reading covariate, F(1, 90) = 103.25, T1 PA covariate F(1, 90) = 10.54, and a significant effect of NWR-ability group, F(1, 90) = 4.48 (unadjusted means = 42.46 (1.73) and 50.06 (1.56) with corresponding standard WRAT-R scores of 115.46 (SE = 3.02) and 126.74 (SE = 2.92), respectively; all participants had standard scores above 90, with the exception of one participant with a standard score of 87). The ANCOVA with T2 word-attack raw-scores as the dependent variable showed a main effect for the T1 word attack covariate F(1, 90) = 73.08 and the PA covariate F(1, 90) =4.72 and the effect of NWR-ability group just failed to reach conventional levels of statistical significance , F(1, 90) = 3.88, p=.052 (unadjusted means = 10.80 (1.50) and 17.84 (1.59) for NWR-low and -high ability groups, respectively). In sum, there was a robust effect of NWR-ability group on children's word reading and this effect approached conventional levels of statistical significance for children's pseudoword decoding across half the grade 1 school year.
2.4.3 Time 1 contributors to Time 2 reading. Hierarchical regression analyses were undertaken to: 1) examine whether nonword repetition for words low and high in word likeness would each contribute variance to time 2 reading achievement; and 2) test whether measures of phonological representations and PA would each predict unique variance in time 2 reading achievement. Time 1 and Time 2 reading scores were calculated using principal components analyses with word and pseudoword reading raw scores at each respective time of testing. (Note 3) In each of the first 2 analyses predicting T2 reading (see Table 4 ), the first four steps in the equations Table 4 ), the phonological representations factor accounted for unique variance in T2 reading when entered after each of digit span and phonological awareness. As can also be seen in Regression 3, the unique variance predicted by PA just failed to reach conventional levels of statistical significance in the final equation.
Discussion
Previous research has supported the view that individual differences in phonological representations, measured using a variety of different tasks, are related to the development of phonological awareness, reading acquisition, and reading disabilities (e.g., Boada & Pennington, 2006; Elbro et al., 1998; Swan & Goswami, 1997 ). Increasingly, it has been suggested that nonword repetition be considered a measure of the quality or structure of phonological representations in lexical memory (e.g., for review see Coady & Evans, 2008) . Toward conceptualizing nonword repetition in this manner, a strength of the current study was that variance related to a measure of phonological short-term memory was removed or covaried in all analyses. It has been proposed that lexical-level phonological representations become more fine-grained or phonemically organized with increasing vocabulary knowledge (e.g., Metsala & Walley, 1998; Storkel 2002) . Within this context, nonword repetition is primarily a measure of children's ability to compile novel representations based on sequences of segments or "chunks" in long-term lexical memory (e.g., Edwards et al., 2004; Jones et al. 2007 ). In a similar manner, children's ability to access and manipulate phonological information within words for phonological awareness tasks may well depend on this developing saliency of phoneme representations within the mental lexicon (e.g., Fowler, 1991; Metsala, 1999) . Thus, it was expected that nonword repetition would be related to phonological awareness beyond variance accounted for by a measure of phonological short-term memory. Insofar as growth in vocabulary drives the segmental organization of phonological representations, vocabulary knowledge was also expected to be related to concurrent phonological awareness. Indeed, results indicated that children's overall nonword repetition performance and vocabulary each contributed to concurrent phonological awareness, alongside the measure of short-term memory. These findings are consistent with previous studies that have demonstrated contributions of vocabulary knowledge and different measures of phonological representations to concurrent phonological awareness, as well as to growth in phonological awareness in young children (e.g., Lonigan et al., 2000; Rvachew, 2006; Torppa et al., 2007) .
Previous research has suggested that nonword repetition may be a marker variable in young children at risk for future reading disabilities and has been shown to differ between children with and without reading disabilities (e.g., Catts et al., 2005; DeBree et. al., 2007) . In the current study group differences on fall nonword repetition performance were related to later group differences on word-level reading with covariates of fall reading, phonological short-term memory, and phonological awareness. Thus for a sample of normally achieving readers, nonword repetition differentiated the groups on later reading even with this stringent set of covariates.
It has been proposed that repeating nonwords with fewer similarly sounding neighbors would require more autonomy/robustness of individual segments in lexical memory than repetition for wordlike nonwords (e.g., Munson et al., 2005a,b; see also, Masterson et al., 2005) . It follows that processing of these less common sound patterns would provide a more sensitive measure of the segmental structure or salience of phonemes within lexical representations. An important contribution of this study was the examination of the contribution to phonological awareness and reading by nonword type. Wordlikeness was used as an index of neighborhood density or the frequency of sound patterns in the nonword stimuli (Bailey & Hahn, 2001; Masterson et al., 2005) and it was hypothesized that repetition of less wordlike nonwords would be a better predictor of phonological awareness and reading. Indeed, these hypotheses were borne out as nonword repetition for items rated low in wordlikeness predicted unique variance in concurrent phonological awareness and Time 2 reading, whereas repetition for nonwords high in wordlikeness did not.
The finding of a robust relationship between repetition of less common sound sequences and reading processes builds on previous research which reported a strong relationship on spoken word recognition tasks for words from sparse neighborhoods and phonological awareness and reading/reading disabilities (Metsala, 1997b; Metsala et al., 2009 ). Crowding of lexical neighborhoods has been proposed to drive segmental organization; greater variation over a longer developmental time-period may make recognition of words from sparse neighborhoods particularly sensitive to individual differences in lexical representation. The question arises as to why some kids show particular difficulty processing sound patterns that are more uncommon in lexical memory, perhaps particularly those children who have or are at risk for reading difficulties. Some children may know fewer word neighbors for items in both dense and sparse neighborhoods, and this deficit would disproportionately affect the representation of words with fewer neighbors. Segmental reorganization is proposed to disperse throughout the lexicon in a protracted manner, but there may be some critical point in vocabulary development at which time all items become phonemically organized regardless of lexical characteristics (Munson et al. 2005a ; see also, Beckman, Munson & Edwards, 2007; Metsala & Chisholm, 2010) . For children with less rich vocabulary knowledge, phonemic analysis may remain tied to lexical characteristics for a longer period of time. Alternatively, some children may have particular difficulty related to processing less common sound patterns, and vocabulary deficits may be restricted to this area of the mental lexicon. One recent study demonstrated the utility of examining different aspects of vocabulary acquisition in young children in relation to reading acquisition. Lambrecht Smith (2009) reported that children with (versus without) reading disabilities in grade 2 had produced fewer different words and had lower phonological complexity ratings for their word productions at 30 months of age, and suggested that these vocabulary indices may be early markers of reading disabilities. Another possibility is that a third variable, such as the lower level auditory processes indicated in reading difficulties (e.g., Fraser, Goswami, Conti-Ramsden, 2010; Goswami et al., 2002) may cause difficulties for children to both process less common sound patterns and to acquire reading skills in an alphabetic orthography. Future research might examine whether such auditory processing difficulties differentially affect word acquisition for sparse versus dense similarity neighborhoods.
The current study adds to a body of literature which has shown an association between phonological representations and reading. There have been conflicting findings regarding whether this relationship is direct (e.g., Chiappe et al., 2007; Elbro et al., 1998; Metsala, 1997b; Wesseling & Reitsma, 2001) or is fully mediated by phonological awareness (e.g., Boada & Pennington, 2006; McBride-Chang, et al., 1997; Metsala et al., 2009 ).
The differences across these studies may reflect various degrees of success at measuring individual differences in phonological representations. In the current study, the shared variance between nonword repetition and vocabulary was utilized as a measure of phonological representations. This combination was theoretically motivated as researchers have proposed that the relationship between these two abilities reflects their shared reliance on phonological representations (e.g., Munson, 2006) . In the final regression predicting time 2 word-level reading, this phonological representations factor did predict unique variance beyond that contributed by phonological awareness.
One question for future research might be whether awareness of the phonological structure of language accounts for additional variance in reading beyond the representation of phonological information in the mental lexicon. Simply put, is phonological awareness reducible to phonological representation? This proposal seems congruent with others who have proposed that awareness of segments may not be as important to reading acquisition as the accuracy of the underlying phonological representations or the operations performed on these (e.g., Fowler, 1991; McDougall, Hulme, Ellis, & Monk, 1994; Swan & Goswami, 1997 ). Indeed, within connectionist models of reading, hidden units come to represent knowledge of the connections/consistencies between input (orthography) and output (phonological/semantic) units, without any mechanisms to account for an awareness of phonemes per se (e.g., Plaut, McClelland, Seidenberg, & Patterson, 1996) . In one such model, Brown (1997; see also Metsala, Stanovich, & Brown, 1998) demonstrated that less segmental representations caused the model to behave in a manner similar to children with reading disabilities. Elbro et al. (1998) suggested that a direct path between phonological representations and reading might be particularly important to the self-teaching mechanism outlined by Share (1995) . In the current study, phonological awareness did not overwhelm phonological representations as a predictor of reading, as is sometimes the case for phonological processing variables examined alongside phonological awareness (e.g., Wagner, Torgesen, & Rashottte, 1994) . Currently, there are gaps in the research toward understanding phonological representations in relation to reading acquisition. For example, it is unclear whether the many different measures of phonological representations used in the research comprise a unitary construct, and the stability of such a construct over early childhood needs to be further examined. Findings from the current study suggest that processing of less common sound patterns, and the shared variance between vocabulary and nonword repetition, could be further examined for their utility in better understanding the relationship between reading acquisition and phonological representation.
In summary, the current paper found that the repetition of uncommon sound patterns is predictive of concurrent phonological awareness and later reading ability across grade 1; whereas this relationship did not hold for the repetition for more common sound patters. As well, a Time 1 phonological representations factor had a direct relationship to later reading ability rather than being fully mediated by Note. All measures are from Time 1 (fall) testing. PA -phonological awareness composite scores; Vocabulary = PPVT-R, standard score; NWR -nonword repetition for 32 nonwords; NWR-low -nonword repetition for nonwords categorized as low in wordlikeness; NWR-high -nonword repetition for nonwords categorized as high in wordlikeness; PR-factor -phonological representations latent variable from the observed variables of NWR and vocabulary, as described in text; * p <.05 
